Some proteins are too big to fit into conventional COPII-coated vesicles, which raises the question of how large cargo, such as procollagen fibrils, are exported from the endoplasmic reticulum. Jin et al. (2012) in Nature now report that the creation of oversized vesicles is facilitated by the ubiquitination of the COPII component Sec31p.
In all eukaryotes, COPII vesicles form at endoplasmic reticulum (ER) exit sites for cargo export to the Golgi apparatus. Formation of these vesicles can be achieved with six polypeptides in vitro: Sec12 (an integral ER membrane protein and a guanine nucleotide exchange factor for the cytoplasmic protein Sar1p); Sar1p (a GTPase that, in its GTP-bound form, is recruited to the ER); Sec23/24, which are recruited to membranes by Sar1p-GTP and then recruit Sec13/31, the final subunits. The assembly of these proteins at ER exit sites generates a COPII-coated vesicle with an average diameter of 60-90 nm (Jensen and Schekman, 2011) . It has remained unclear, however, how the COPII machinery generates larger carriers to accomplish the transport of bulky cargoes, such as procollagens. In a new paper, Rape and colleagues provide an important clue to this puzzle (Jin et al., 2012) . They report that the ubiquitin ligase Cul3 and its specific BTB-containing adaptor protein KLHL12 monoubiquitinate the COPII component Sec31 to drive assembly of large coats to accommodate the secretion of collagen I and IV.
Vertebrates secrete many different kinds of collagens, which have critical roles in chondrocyte development and mineralization of the bone and in the assembly of extracellular matrix that facilitates cell-cell interactions, signaling, and organization. For a number of reasons, it is unlikely that procollagen export is independent of COPII-mediated secretion. Mutations in Sec23A that affect interaction with Sec31 affect procollagen export from the ER (Kim et al., 2012) ; depletion of Sec13/31 inhibits collagen secretion in fibroblasts and causes skeletal deformation in zebrafish (Townley et al., 2008) ; structural studies of the individual COPII components and their assemblies in vitro has revealed that binding of Sec13/31 to Sec23/24 has the essential properties to generate a structure big enough to encapsulate procollagens (Stagg et al., 2008 ). Yet, it has remained unclear how cells use the same COPII components to generate megacarriers for procollagen export as for the secretion of much smaller cargo.
Jin et al. show that the creation of megacarriers involves the monoubiquitination of Sec31 by KLHL12-Cul3. They demonstrate that depletion of Cul3 by small interfering RNA or short hairpin RNA in mouse embryonic stem cells inhibits collagen IV secretion. Conversely, overexpression of KLHL12 in the transformed human fibroblast line IMR90 results in elevated secretion of procollagen type I. In cells overexpressing KLHL12, Sec31 and KLHL12 are observed attached to large spherical membranes of 200-500 nm internal diameter. These findings suggest that monoubiquitination of Sec31 somehow results in the generation of larger Sec31-and KLHL12-coated membranes that permit secretion of collagens.
It is not yet known whether the large Sec31-containing membranes (let us call them COPII megacarriers) contain procollagens. Also unknown at present is the effect of monoubiquitination on the activity of Sec31 and how ubiquitinated Sec31 binds, or generates, large COPIIcontaining membranes. Does it change the binding of Sec31 to Sec23/24 and affect the Sec23-GAP activity for Sar1p-GTP? A delay in Sar1-GTP hydrolysis, in principle, could promote the growth of the COPII carriers to a size that is big enough to accommodate bulky procollagen.
A further pressing issue is to determine how a cargo located in the ER lumen communicates with CUL3 and KLHl12 in the cytoplasm. In the case of procollagen, which lacks a transmembrane domain, one possible means to accomplish this is via proteins named TANGO1 and cTAGE5 (Saito et al., 2009 (Saito et al., , 2011 . TANGO1 and cTAGE5 are required for the export of procollagen(s) from the ER. TANGO1, a transmembrane protein anchored to the ER exit site, binds procollagen VII in the lumen of the ER and Sec23/24 in the cytoplasm (Saito et al., 2009) . cTAGE5 is also anchored to the ER exit site and binds both TANGO1 and Sec23/24 (Saito et al., 2011) . cTAGE5, however, does not contain a lumenal domain and cannot therefore directly bind procollagen. Cellular depletion of TANGO1 impairs collagen secretion in mice, and newborn mice die because of a defect in secreted collagen-dependent maturation of chondrocytes into mineralized bones (Wilson et al., 2011) . TANGO1 is also required for collagen secretion in Drosophila (Pastor-Pareja and Xu, 2011) . Thus, TANGO1 and, by extrapolation, its binding partner cTAGE5 are essential for procollagen export from the ER in vivo . Could procollagen bound to TANGO1-cTAGE5 recruit CUL3-KLHL12 to the ER exit site? TANGO1-cTAGE5 are localized to the ER exit site and do not depart with the procollagen-containing COPII carriers. KLHL12, on the other hand, is present on the Sec31-containing potential megacarriers. The hypothesis of TANGO1-cTAGE5 as receptors for CUL3 and/or KLHL12 on the cytoplasmic face of the ER exit site will require extensive contortion by the respective players or an additional linker to connect KLHL12 on the potential megacarriers with the ER exit siteanchored TANGO1-cTAGE5.
The discovery of ubiquitination of Sec31 by KLHL12 is an important finding for determining how large cargoes, such as collagen, are secreted. In future work, the identification of other necessary components in combination with an assay for monitoring the biogenesis of procollagen-containing COPII megacarriers will likely reveal interesting new elements of the mechanism of collagen secretion.
